Using the Landauer type formula for the current through quantum dot we have studied the influence of the singularities in the density of states in leads on the differential conductance of the system and answered affirmatively the above question. The presence of Van Hove singularities in the leads may induce an additional structure on the conductance vs. voltage curve. The dot itself has been described by the single impurity Anderson model with a very strong ` ou-dot" Coulomb repulsion. We also simulate the effect of electron-phonon interaction in the dot by allowing for the fluctuations of the "impurity" energy level.
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PACS numbers: 73.40.Gk, 72.15.Qm, 71.27.+a It has been predicted theoretically in a number of papers [1] that the quantum dot at a sufficiently low temperature should show all aspects of the Kondo physics known from solutions of the single impurity problem [2] . Recently these predictions have been confirmed in a beautiful experiment [3] , which used a single electron transistor (SET) fabricated in a two-dimensional electron gas of the GaAs/AlGaAs heterostructure.
The mesoscopic nature of the impurity in SET makes it possible to study new phenomena not accessible in previous experiments even on very diluted systems. In the latter case one always deals with a number of impurities statistically distributed inside the sample. The new possibilities include the nature of the leads: (i) they can be kept at different chemical potentials which allows for a study of nonequilibrium transport [4] , (ii) can be metallic, superconducting [5] or contain Tomonaga-Luttinger quasiparticle liquids [6] as realised in edge states of the quantum Hall effect [7] , etc. One can change the properties of the dot itself by coupling the electrons on the dot to external time dependent field and study the frequency dependent conductance of the system [8] .
The purpose of the present work is to study the influence of the band structure and in particular Van Hove singularities in the leads on the tunneling current (411) through quantum dot. Thus we start our discussion with the Anderson Hamiltonian [9] Here λ = R, L denote the right (R) or left (L) lead in the system. The parameters have the following meaning: c+ (Cλkσ) denote creation (annihilation) operator for a conduction electron with wave vector k, spin σ in the lead λ, Vλk is the hybridization matrix element between conduction electron of energy ελk in the lead λ and localised electron on the dot. Ed is the single particle energy at the dot. Here n↑ = d + ↑ d ↑ i s t h e n u m b e r o p e r a t o r f o r l o c a l i s e d e l e c t r o n s w i t h s p i n u p and U is the (repulsive) interaction energy between two localised electrons. In the following we shall study the. U = ∞ limit. In this limit on the dot there can be at most a single electron with the energy Ed.
From the experimental point of view it is differential conductance which plays an important role. To calculate it we first need an expression for the current across the dot when the energy difference eV = μL -μ is applied to the leads. Here μ' denotes chemical potential in the lead λ. We use here the Landauer type formula [10] which reads Here fλ, (ω) denotes the Fermi distribution function for the lead λ with the chemical potential μ» , Gσ (ω) is the impurity Green function and Γ λ (ω) = 2π Σkλ |Vλk| 2 xδ(ω -ελk) is the effective coupling of localised electron to conduction band. To study the effect of Van Hove singularities in leads on the current J and conductance G =dJ/dV, we have assumed the conduction electron energies characteristic of two-dimensional tight binding spectrum, which is known to possess the logarithmic singularity in the middle of the band, which the width we denote by D and take as an energy unit in the following.
To calculate the impurity Green function we used Hubbard-Ι [11] type of decoupling and obtained
To get the density of states on the dot (equal to (-1/π)ImG σ (ω + i0)) we have solved Eqs. (4) and (5) Figure 1 shows an effect of the Van Hove singularity in leads on the density of states of the electrons on a dot. Various curves refer to three DOS as indicated. In the case of the band structure (3) the Van Hove singularity of the left lead has been shifted by 0.1D below and right one the same amount above the Fermi level of the system. In the DOS one observes a clear structure at energies corresponding to the positions of singularities. Figure 2 shows the corresponding differential conductance spectra. One observes marked changes of the tunneling current and the differential conductance due to the presence of the Van Hove singularities (now shifted by ±0.05D). The dip seen below Fermi level (μL-μR < 0) is due to the real part of the self-energy, while that above is connected with the imaginary part, which in turn is proportional to the lead DOS.
The electrons in the dot are subject to various scattering processes. In particular there exists electron-ion interaction. The adiabatic approximation allows for solving the electronic eigenproblem for frozen configurations of ions. Each configuration of ions will thus give slIghtly different electron wave functions and energies Εd which requireS the averaging over ionic positions. Here we propose the following approach. The electron-ion interaction modifies the energy level Εd -> Ed + n. We assume that n has a Gaussian distribution Ρ(n) = (2πα) -1 / 2 exp(-n 2 /2α) with (in principle temperature dependent [12] ) width α and that the averaging over ionic positions is equivalent to averaging over n.
The results of the calculations which, because of the lack of space, are not displayed here show the robustness of the coherent feature in the density of states. The other parts of the spectrum are smeared out as expected.
In conclusion we have studied the effect of Van Hove singularity in the leads on the tunneling current across quantum dot. We observed the marked structure due to the singularities which shows up not only in the density of states but also on the nonlinear conductance versus voltage curves. For some parameters this leads to additional structures. The structure, however, displays a completely different temperature dependence. The details of these studies will be presented elsewhere. This work has been partially supported by the Committee for Scientific Research under the grant 2Ρ03Β 031 11.
